Abstract Background: Streptococcus pneumoniae serotype 19A ST320, a highly multiresistant and virulent clone, has emerged as a common pathogen causing acute otitis media (AOM) in children. Methods: Patients aged 0e18 years with AOM who presented at Mackay Memorial Hospital, Taipei, Taiwan were prospectively enrolled between December 1, 2009, and November 30, 2012. For each patient, a specimen of middle-ear fluid was obtained and cultured. S. pneumoniae isolates were tested by serotyping, antibiotic-resistance profiling, and multilocus sequence typing. Demographic characteristics and clinical history of patients with pneumococcal AOM were recorded. Results: Pneumococcal AOM was observed in 108 (24.8%) of 436 episodes. One hundred and four isolates of S. pneumoniae were available for study. The most common serotypes were 19A (67 isolates, 64.4%), followed by 19F (16 isolates, 15.4%), and 3 (7 isolates, 6.7%). Among the 85 sequence-typed isolates, Serotype 19A ST320 (50, 58.8%) was the most frequent. 
Introduction
Streptococcus pneumoniae serotype 19A ST320 has emerged in many countries as a cause of invasive disease, severe pneumonia, acute otitis media (AOM), and hemolytic uremic syndrome, despite the implementation of a 7-valent pneumococcal conjugate vaccine (PCV7).
1e6 AOM is an important infectious disease of the respiratory tract among children and is a leading cause of physician visits and antibiotic prescriptions. 7e9 It has been reported that Serotype 19A ST320 is the predominant cause of pneumococcal mastoiditis, a suppurative complication of AOM, 10 and that this serotype causes persistent symptoms even when treated with high doses of b-lactam antibiotics. 11 In Taiwan, Serotype 19A ST320 clone was highly prevalent under a low PCV7 vaccination rate. 12 About 50% of cases of invasive pneumococcal disease among children aged < 5 years are caused by Serotype 19A ST320. Clonal expansion of Serotype 19A ST320 resulted in an increase in overall invasive pneumococcal disease among children in Taiwan. In view of Serotype 19A ST320 being a highly virulent and antibiotic-resistant clone, 11 the aim of this study was to investigate the epidemiological and clinical features of AOM caused by the Serotype 19A ST320 clone. Antimicrobial treatment of AOM caused by Serotype 19A ST320 also was characterized.
Materials and methods

Setting, patients, and study design
The Mackay Memorial Hospital Institutional Review Board (Taipei, Taiwan) approved the study. We prospectively collected the S. pneumoniae isolates obtained from children with a diagnosis of AOM who were attended at Mackay Memorial Hospital from December 2009 to November 2012. Middle ear fluid (MEF) for culture was collected from children by tympanocentesis or following spontaneous rupture of tympanic membrane. Isolates for recruitment were either from children with a new episode of AOM who had not yet received antibiotics for the episode, or from children who had a diagnosis of AOM and had received antibiotic therapy within the past 48e72 hours but remained symptomatic at the time of study entry. 
Multi-locus sequencing type
The nucleotide sequences of 450-bp internal regions from the aroE, gdh, gki, recP, spi, xpt, and ddl genes were amplified by polymerase chain reaction, using the previously described primers and reaction conditions. 15 The sequences then were compared (using the BioEdit Sequence Alignment Editor, Ibis Biosciences, Carlsbad, CA) with those of all of the recognized alleles of each gene listed in the pneumococcal multilocus sequence typing (MLST) website database (http://spneumoniae.mlst.net). The Web database (www.mlst.net) was used for assigning allele numbers for particular loci; the sequence types (STs) of isolates were designated on the basis of the resulting allelic profiles.
Statistical analysis
We used c 2 analysis or Fisher's exact test for categorical variables and Student's t test or ManneWhitney U test for continuous variables to test for significant differences between groups. All variables with p values < 0.05 were included in the multivariate model. A p value < 0.05 was considered statistically significant. All probabilities were two-tailed. All statistical analyses were performed using SPSS version 15.0 (SPSS Inc., Chicago, IL, USA).
Results
During the 3-year period of the study, 436 MEF samples of AOM patients were collected for culture. Among them, 108 isolates (24.8%) were S. pneumoniae, 24 isolates (5.5%) were Haemophilus influenzae, three isolates (0.7%) were Moraxella catarrhalis, and three isolates (0.7%) were Streptococcus pyogenes. One hundred and four isolates of S. pneumoniae were available for further study. Forty-eight episodes (46.2%) occurred in men and 56 episodes (53.8%) occurred in women. Age ranged from 3.9 months to 187 months. The mean AE standard deviation was 40.6 AE 27.7 months (median, 39.9 months). Culture specimens from 49 episodes (47.1%) were obtained by tympanocentesis; culture specimens from 55 episodes (52.9%) were obtained by collection of pus draining from the ear. The distribution of episodes in children was as follows: 43 episodes (42.3%) occurred in children aged 25e60 months, 25 episodes (23.1%) in children aged 13e24 months, 24 episodes (20.2%) in children aged > 60 months, and 12 episodes (14.4%) in children aged 12 months.
Serotype distribution and MLST analysis
A total of eight serotypes were identified ( 
AOM caused by Serotype 19A ST320
The percentage of Serotype 19A ST320 dramatically increased from 29.4% in 2009e2010, to 59.5% in 2010e2011, and to 76.9% in 2011e2012 (p for trend Z 0.003; Table 2 ). The median age of patients with AOM due to Serotype 19A ST320 (median age, 32.1 months) was younger than the median age of patients with AOM due to non-Serotype 19A ST320 (median age, 44 months) (p Z 0.04). There was no significant difference in total fever days and rates of PCV7 vaccination, antibiotic use within 3 months, mastoiditis, and pneumonia between AOM due to Serotype 19A ST320 and non-Serotype 19A ST320. AOM due to Serotype 19A ST320 had a borderline higher rate of spontaneous rupture of tympanic membrane compared with that due to nonSerotype 19A ST320 (64.0% vs. 40.0%, p Z 0.05).
Antimicrobial susceptibility
Antimicrobial susceptibility of pneumococcal strains causing AOM is shown in Table 3 . All 104 strains were susceptible to levofloxacin, moxifloxacin, and vancomycin. The percentage of resistance to erythromycin and trimethoprimesulfamethoxazole (TMP/SMX) was 99.0% and 84.6%, respectively. The percentage of resistant strains according to meningeal (oral penicillin) and nonmeningeal (parenteral) breakpoints was 87.5% and 20.2%, respectively. According to the nonmeningeal criteria, the resistance rates to amoxicillin and cefotaxime were 66.3% and 20.2%, respectively. The nonsusceptibility rates to had not previously been treated with antibiotics, 21 (60%) presented with spontaneous rupture of the tympanic membrane.
Discussion
In this prospective study of 436 episodes of AOM in children during a 3-year study period, we found that S. pneumoniae was the most common bacterial pathogen in children with bacterial AOM. Clonal expansion of highly resistant Serotype 19A ST320 accounted for 58.8% of children with pneumococcal AOM. Serotype 19A ST320 is prevalent in many countries, 1e3 and has been observed among children with AOM. 5 The virulence characteristics of Serotype 19A ST320 clone are adaptations that increase the persistence of the strain within a host during colonization. 12 Childhood AOM caused by Serotype 19A ST320 occurs at a significantly younger age and is associated with a higher rate of spontaneous rupture of the tympanic membrane. Among the four bacterial pathogens [S. pneumoniae; non-typeable H. influenzae; Moraxella catarrhalis; S. pyogenes (Group A streptococcus, GAS)] typically implicated in AOM, pneumococcal AOM is the most commonly encountered, and frequently causes high temperature, severe otalgia, tympanic membrane redness and bulging, and accumulation of middle ear fluid.
16e18 H. influenzae AOM is associated with conjunctivitis and recurrent disease, 16 and M. catarrhalis is characterized by a higher rate of mixed infection, 19 whereas GAS AOM is accompanied by higher rates of tympanic perforation and mastoiditis. 20 Segal et al 20 demonstrated that spontaneous perforation of tympanic membrane occurred in 66.7% of GAS AOM, 20.8% of pneumococcal AOM, 17.5% of H. influenzae AOM, and 14.1% of M. catarrhalis AOM. A rapid and virulent progression to tympanic perforation is a major characteristic of GAS AOM, compared with AOM caused by any of the other three pathogens. In the present study, spontaneous perforation occurred in 64.0% of AOM caused by Serotype 19A ST320, and 40.0% of AOM caused by non-Serotype 19A ST320. A high-dose amoxicillin/clavulanate formulation (90/6.4 mg/kg/d) has been developed to sustain amoxicillin/clavulanate concentrations in MEF at levels that would predict eradication of S. pneumoniae with amoxicillin/clavulanate MICs 4 mg/mL. 21 However, 86% of our Serotype 19A ST320 strains had amoxicillin/clavulanate MICs > 4 mg/mL. In our study, amoxicillineclavulanate was the most frequently prescribed empirical antibiotic used in children with AOM. The higher rate of tympanic perforation in cases with AOM caused by Serotype 19A ST320 may reflect failure of amoxicillineclavulanate treatment. 22 However, we noted that the tympanic perforation rate among cases with AOM caused by Serotype 19A ST320 was 70% in the amoxicillineclavulanate group, while a 60% tympanic perforation rate was observed in children with AOM caused by Serotype 19A ST320 in the absence of prior antibiotic treatment. Thus, the high tympanic perforation rate in AOM with Serotype 19A ST320 infection cannot be totally attributed to amoxicillineclavulanate treatment failure. Serotype 19A ST320 might be locally aggressive, as is GAS. After tympanic perforation, amoxicillineclavulanate was continued clinically in most cases because fever and otalgia improved. Tympanocentesis is recommended in order to accurately identify the causative pathogen and determine antibiotic susceptibility in selected cases of failed antibiotic treatment or complicated AOM. Given the higher rates of antibiotic resistance and spontaneous rupture rate in cases with AOM caused by Serotype 19A ST320, tympanocentesis might be the most prudent treatment strategy for AOM, especially for infections caused by Serotype 19A ST320.
The previous study showed that children aged 25e60 months exhibited the highest incidence of invasive pneumococcal disease and pneumonia in Taiwan. 23 In our study, we also found that highest frequency of AOM occurred in the same age group. However, this profile differs from that in other countries, where children aged 24 months exhibited the highest rate of AOM. 5, 24 Differing rates and ages of attendance at child care centers, host genetic factors, and differences in the prevalent pneumococcal clones among regions and cultures may explain the disparity in the epidemiology of AOM in Taiwan compared to other countries.
It has been reported that 61e93% of children will develop AOM at least once before 3 years of age, and 20% will develop recurrent AOM or chronic otitis media with effusion. 25e27 The first episode of AOM causes inflammation and subsequent damage to the middle-ear mucosa and Eustachian tube, therefore, recurrent AOM usually ensues after the first episode. Once recurrent otitis media has been established, no reduction in the number of otitis media cases has been seen, even after implementation of PCV. 28 Therefore, the efficacy of PCVs depends upon immunization in early infancy to prevent initial AOM. The present study demonstrated that Serotype 19A was the most common serotype in each age group of AOM. Importantly, Serotype 19A was associated with AOM in 91.7% of children aged 12 months.
There were limitations to this study. Our study was unable to estimate the true rates, as our patients were enrolled only if MEF cultures were obtained. Only patients with pus or persistent symptoms were included, so the serotypes of the milder cases might have been ignored. Given the high proportion of highly antimicrobial-resistant pneumococcal isolates recovered, it is likely that antibioticsusceptible strains were under-represented in our survey.
In conclusion, due to the rapid expansion of highly resistant Serotype 19A ST320 of AOM, our work supports prevention of AOM among children in Taiwan by use of Serotype 19A-containing PCV. The surveillance of pneumococcal serotypes and clones after the introduction of 13-valent vaccine in order to adjust prophylaxis and treatment strategies is needed.
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